Abstract. Individual growth and densities of six taxa of ephemerellid mayflies were examined in relation to differences in temperature and food among streams of western North America. For most taxa, growth rate was not a simple function of either temperature or food. Growth periods of taxa differed relative to seasonal changes in temperature. As a result of the interaction between size and temperature, growth rates and shapes of the growth curve varied among taxa. The significance of temperature for life history phenomena therefore cannot be easily generalized to explain phenological patterns among stream insects. Also, little evidence was found that implicated food as the cause for observed differences in growth rates among most sites. Growth rates in streams with high rates of algal production (open sites) were similar to growth rates in streams with low algal production (shaded sites). Only sites with long periods of ice cover, and presumably low availability of food, showed marked reduction in individual growth rates. Densities, however, varied strongly across sites: open streams had higher densities than shaded streams. These results imply that populations in streams may be near carrying capacity and that per capita food availability is similar among streams. The presence of such interactions between individual and population processes may help explain patterns at individual, population, and ecosystem levels of organization.
Introduction
The two most important factors affecting individual growth in aquatic poikilotherms are temperature and food (review by Sweeney 1984) . Growth rate usually increases with temperature up to a maximum, after which growth declines precipitously as near-lethal tem? peratures are reached (Precht et al. 1973) . Although it is difficult to generalize among species with respect to speeific growth-temperature relationships, several em? pirical studies in aquatic environments strongly suggest that temperature may be the most important single factor influencing growth rates (e.g., Brittain 1976 (Sweeney 1984) . This is especially a problem outside ofthe lab? oratory where temperature and food availability may vary concomitantly and thereby confound interpretations of growth patterns. The purpose of this study was to examine patterns of individual growth and abundance of several related mayfly species as a function of stream environment and location. The study was designed to test two con- 
Study Sites
Six stream sites in the Cascade Mountains of Oregon were studied for over a year (1978) (1979) (1980) . These sites were chosen to represent a range of environmental con? ditions. All sites were similar in size (basin area = 4-8 km2, minimum discharge = 0.002-0.09 m3/s) but differed in degree of riparian shading and elevational gradient. I chose these sites to maximize differences in type and quantity of food available to consumers. All sites were part of the McKenzie River drainage.
Ofthe six sites, one drained an old-growth coniferous basin (Mack Creek), another traversed an experimental clear-cut lying below the old-growth section of Mack Creek, and a third, North Fork Wycoff Creek, was surrounded by a dense red alder {Alnus rubra) riparian canopy. These three stream reaches were of similar gradient (10%). Three other reaches were of lower gra? dient (1%). Mill Creek drained a largely coniferous basin, Fawn Creek drained a clear-cut basin, and Cougar Creek was bordered by a dense alder canopy. These six reaches were described in detail by Murphy et al.
(1981).
Life-history data for some of the species that I col? lected were also available for sites in Alberta, Wash? ington, California, and Utah, thereby providing a larger data set and a latitudinal gradient by which to make additional comparisons.
Growth data for E. infre?
quens/inermis from streams in California (C. Treat? ments were not replicated. Food types were Tetramin fish food flakes (>46% crude protein, 5% crude fat, < 8% crude fiber), algal covered stones (mainly Nitzschia, Melosira, and Synedra), conditioned whole alder (Alnus rubra) leaves, ground and conditioned alder leaves (<0.5 mm), and ground and conditioned alder wood (<0.5 mm). Leaf and wood material were con? ditioned for several weeks by dripping stream water into separate containers holding these food sources. Food and water in each flask were changed weekly. Food was always added in excess quantity so that the weekly portion was never completely consumed.
Individuals ing of eggs occurs, rates based on the population mean will be an underestimate of true individual rates. For the species of Ephemerellidae examined, these prob? lems appear to be minimal. Duration of hatching is relatively short for this family (usually ~ 1 mo, Sweeney and Vannote 1981), and study reaches were not in close proximity to contrasting reaches. Because study reaches were representative of rather long sections of stream (> 1000 m), mean growth rates were probably not biased by immigration and emigration even in those species that drift (e.g., E. infrequens). Also, estimates of G were made after hatching of eggs was completed in order to minimize bias due to internal recruitment. Comparison of treatment effects in the laboratory study was made by two-factor ANOVA. For this anal? ysis, multiple comparisons (Least Significant Differ? ence, LSD) and ANOVA were applied to final masses of all larvae surviving at the end of the experiment.
Comparisons of G for
Differences among sites in mean abundances were determined by t tests after \ogl0X + 1 transformation of raw data. Data sets were sufficiently large to examine contrasts between streams with shaded and open can? opies.
Results

Environmental contrasts
The 12 sites exhibited distinct differences in both total accumulated heat (annual degree-days) and sea? sonal pattern of heating and cooling (Fig. 1) . Total degree-days was a function of both latitude and altitude, and nearly a four-fold difference existed between the warmest (Weber Creek) and coolest (Kananaskis River) streams (Table 2) . Among the Cascade Range streams, temperature patterns also were affected by shading. Heavily shaded streams were cooler than streams with open canopies. All streams exhibited typ? ical seasonal patterns of summer warm and winter cold except Kalama Springs, which was 6?C all year. Gorge Creek, the Kananaskis River, and the Pembina River are covered by ice for ?5 or 6 mo (October through April).
Both quantity and quality of food available to con? sumers differed among the Cascade sites (Hawkins et al. 1982 ). In general, open sites had higher standing crops of algae and higher rates of microbial respiration associated with detritus than did shaded sites. Gregory (1980) and Mclntire and Colby (1978) also showed that open streams in the Pacific Northwest had higher rates of primary production than did shaded streams. In this study, low-gradient sites had higher detritus standing crops than high-gradient sites. Shaded sites had higher standing crops of leaves than open sites, but no differ? ence existed between open and shaded sites in amount of total detritus. However, most ofthe detritus in these streams was of very low quality (wood and refractile fines). Standing crop of leaves is probably a better mea? sure of food availability than total detritus. Open and shaded sites therefore provided a distinct contrast in food available to consumers. (Fig. 2) . A similar trend was apparent for D. coloradensis/flavilinea.
Growth was initiated first in the warmest Oregon site (Fawn Creek) and last in Lusk Creek, the coldest site from which this species was collected. However, for E. infrequens/iner? mis, a. simple trend in onset of growth was not apparent. Individual growth for this taxon apparently starts as early as June in some of the relatively warm Oregon sites and as late as September for Gorge Creek, Alberta.
However, no trend existed among Oregon sites for ini? tiation of growth to vary with temperature. Also, onset of growth differed by as much as 4 mo (June-September, Fig. 2) , even among sites that had similar tem? peratures (Fig. 1) .
Shape of the growth curve also was extremely vari? able within taxa (Fig. 2) . For streams that experienced ice cover during winter (Kananaskis River, Pembina River), growth was extremely low {D. doddsi and E. infrequenslinermis, respectively). Growth was contin? uous in other streams even though temperature was extremely low at some sites (Fig. 1) . Subsequent to the breakup of ice, growth was very rapid; G was two to nearly four times greater than in other populations. Although winter samples were not available, this phe? nomenon of low winter growth and rapid summer growth apparently occurred in D. coloradensis/flavili? nea in Gorge Creek as well.
Growth rates varied significantly among sites for all species examined (Table 3) . This was true not only when all sites were considered, but also when the Or? egon sites were considered separately. The highest rate within a taxon was as much as 4.7 times the lowest rate {E. infrequens/inermis). Because G is an exponen- (Table 3: (Fig. 2) . The trend for growth to begin earlier in warmer sites and later in cooler streams is probably a reflection of the inverse relationship be? tween egg development and temperature observed for many aquatic invertebrates (e.g., Humpesch and Elliott 1980). However, much ofthe extensive variation among growth curves for populations of E. infrequens/inermis could not be completely explained by temperature dif? ferences among sites.
The variation observed in growth curves for E. in? frequens/inermis is probably a consequence of latitudinal variation in voltinism in this taxon. Alien and Edmunds (1965) (Brody 1927) , that is, Qw for growth is greater for small than large individuals. Growth rates were much lower in streams where growth was continuous during winter, and larvae therefore were larger when streams began to warm (Table 3) .
Correlations between field growth rates and stream temperature were not consistent among taxa. For both E. infrequens/inermis and D. spinifera, growth rate was positively related to temperature over both short time periods (incremental data) and long time periods (regression data, Table 4 ). This type of pattern has been observed frequently (Brittain 1976 (Table 4). Vannote's hypothesis, however, cannot be applied as a general model to explain the evolution of phenological pattern in all species of western Ephemerellidae. Three of the taxa studied did not fit the model: E. infrequens/inermis, D. spinifera, and S. tibialis. Also, small and large larvae of D. doddsi showed opposite relationships between individual mass and tempera? ture. Such correlations would occur as a simple consequence of positive growth during the course of a thermal regime that falls and rises over the growth period. These exceptions lead me to believe that con? stant rates of G (i.e., a quasi-equilibrium) may be sim? ply a coincidental effect of timing of growth. Selective factors other than temperature may therefore have been more important in the evolution ofthe phenologies of these species. For example, because these species ex? hibit strong habitat segregation and moderate separation based on food (Table 1, Hawkins 1984 Hawkins , 1985 , the dynamics of habitat or food availability may have shaped life history patterns (e.g., Georgian and Wallace 1983).
Food and growth
This study provided little evidence that food, except under severe conditions, was responsible for much of the variation observed in field growth rates. Depression of growth rates in streams with ice cover was the only example of possible food-limited growth. Because win? ter temperatures in some streams without ice cover were as low as those streams with ice, these patterns presumably cannot be due to temperature differences. Ice cover in Alberta streams can be 60 cm thick (Ciborowski and Clifford 1983). Algal production and detrital inputs could therefore be very close to zero for up to 6 mo of the year in these streams. Under these severe conditions, food may very likely limit individ? ual growth.
Results for streams without ice cover apparently contradict a large literature that implicates food ( Table 3 of their paper). It is impossible, however, to determine whether growth was influenced by food or temperature, because biomass of prepupae was also correlated with degree-days (r2 = 0.95, n = 4) for these same data. Peterson et al. (1985) 
